Mankind is in peril and there are many reasons for this; however, climate change precedes all other reasons. Problems of poor farming communities are augmented due to the menace of climate change. This study endeavors to determine the effect on farming communities of both climate change and a situation without climate change. To carry out the study, three different districts were selected (Rawalpindi, Chakwal, and Layyah). Impact of the climate vagaries on per capita income, farm returns, and poverty of the respondents was taken into consideration. To achieve pathways analysis, regional representative agricultural pathways were used. The decision support system for agrotechnology transfer (DSSAT) crop growth model was employed for wheat-related simulations. The tradeoff analysis model for multidimensional impact assessment (TOA-MD) model was used for economic analysis. The results lend credence to the aforementioned nuisance of climate change, as the findings which came through were negatively affecting farm returns, per capita income, and poverty of the farmers. The negative impact applies to both current and future production systems. Farmers are up against the wall because of climate change and they will have to adopt new innovations to raise their productivity.
Introduction
Poor farming communities relying on the agriculture sector for their livelihood are prone to climate change [1] . They have to work in an environment that is vulnerable to different types of uncertainties caused by the natural environment [2] . The rising temperature and its variation are the main factors which explain the cycles of crop productivity. As a result of the changing environment, the duration of seasons is increasing intermittently, and the agriculture sector's productivity is decreasing [3] . There is a significant impact of global warming (temperature and carbon emission) on the productivity of the agriculture sector with the passage of time. A grower cannot attain a sustainable level of production in the agriculture sector without assessing climate change [4] . Climate variation is a worldwide threat to the environment and development. With the passage of time, agricultural productivities simmered down due to the emission of unfavorable gases such as carbon dioxide and methane.
Crops can be more vulnerable to environmental and climate changes, which results in an adverse impact on crop productivity, as well as farmers' livelihood and dwindling farm income [5] . According to Reference [4] , developing nations are facing more issues related to climate change (CC) due to a low adaption rate. According to an estimation, CC is expected to affect food security in the mid-21st small farmers. To manage climate changes at the farm level, the attitude of the farmers toward these changes can play an important role [25, 26] . In particular, wheat as a staple food in the world has much more importance than any other crop. The European Union is at the top with respect to wheat production, whereas Pakistan is ranked eighth. In Pakistan, total production was 2547 million metric tons in the year 2018, while annual wheat consumption was 24,500 metric tons. This highlights the importance of ensuring wheat production by analyzing the vulnerabilities of the current production system and protecting it from the adverse impacts of climatic changes in the near future. Pakistan is facing serious climate change, including consecutive floods since 2010 and excessive rainfall. All these factors cause not only loss to the farming sector but might increase vulnerability toward hunger and food insecurity. Moreover, farmers are lacking the capacity for adaptation toward these vulnerabilities and uncertainties due to a lack of resources and financial constraints [27, 28] .
Numerous studies examined the impact of climate change on agriculture (e.g., References [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] ). These studies outlaid the impact of climate variables on the productivity of agriculture and farmers' revenue. References [40, 41] estimated climate change adaptation's impact on crop revenue, food productivity, and determinants of climate change adaptation. Their studies revealed that farming experience and education are likely to have a significant impact on a farmer's decision to adapt. These studies further explored a positive impact of adaptations on food productivity and net agriculture returns. Determinants of different adaptation strategies and their impact on food security and poverty level were quantified by References [35, 42] . The impact of CC was assessed by Reference [43] on the food security of rural households. Results of the food balance model showed that more than 80% of rural households were food-insecure due to CC.
The direct and indirect impacts of climate change on agricultural productivity were explored by Reference [44] , and it was found that there is a significant impact of climate variability on agriculture output. Reference [45] estimated the impact of these changes on the farming sector and concluded that climate variability could have a negative impact on food productivity and could cause food insecurity. In their research, the authors of Reference [46] used the revised Indus Basin Model (IBMR) to check the impact of climate change on water availability and food security in Pakistan and found out that Sindh is more vulnerable to climate variabilities than other provinces. The influence of CC on rice yield in light of several carbon dioxide emission scenarios was assessed by Reference [40] . Furthermore, Reference [47] estimated the impact of climate variability on the output of different varieties of rice crop. Their results indicated that there is a statistically significant relationship between precipitation and the output of rice. The impact of CC on agriculture was examined by Reference [48] , finding that temperature has a negative impact on net returns, whereas rainfall is likely to have a positive impact on net returns. The impact of temperature and precipitation on wheat productivity was estimated by Reference [49] , and it was found that there are relationships among change in temperature, precipitation, area under wheat cultivation, water, carbon dioxide, and wheat yield. The influence of CC on wheat yield was estimated by Reference [50] for Pakistan, and it was concluded that there is a negative impact of temperature on the yield of wheat crop.
The specific contribution of this study is that it is the first attempt of its kind to evaluate the existing vulnerability level and its allied impacts on net returns, per capita income, and poverty levels for cases with and without climate change in the rain-fed region of Pakistan. Similarly, following the standard ex ante set of methodology, we tried to quantify the future vulnerability levels, as well as its allied impacts on selected economic indicators for a longer period of time. Although some previous studies analyzed the cropping system, a specific and in-depth study focusing on the rain-fed region of Punjab is missing in the existing literature despite this region being more prone and vulnerable to the changing climate, as well as water-deficient scenarios in Pakistan. This will be helpful for developing strategies to combat the adverse effects of CC and water deficiency to develop a sustainable development production system in Punjab, Pakistan.
For small farmers, adaptations to climatic variations are significant measures that can decrease the vulnerability and adverse impacts of extreme weather events, helping them to protect themselves, as well as their farming systems [27, 28] . Due to a lack of capital and less technological development, support for the agriculture sector in terms of adaptation is limited to some extent [27, 28] . Adaptations to CC are needed in today's world, and substantial research was carried out in different regions of world [29, 30] . Perceiving CC is the foremost step in the procedure of adapting agriculture to climate changes [31] . Although a lot of research was done on adaptations to CC on an international level, few studies were carried out in south Asia, especially in rain-fed regions of Pakistan. Likewise, very few studies are available to consider farmers' behavior toward adaptations of climate change in the agriculture sector in Pakistan [34] . The comprehensive knowledge from this study might be helpful for policy-makers to assess how our production system is currently vulnerable to climate changes and what could be the scenario in the future. The research implications of the current study will ensure a way forward to sustainable development in the agriculture production system. The conventional (ex post) approach is inferior to the new estimation technique (ex ante); thus, this study focuses on the novel technique for the estimation of economic and CC impacts on agricultural production.
Materials and Methods
In our analysis, we focused on climate variability, which is expected to affect the wheat production in the arid agricultural zone of Punjab province in Pakistan. In the analysis, three districts, i.e., Chakwal, Layyah, and Rawalpindi, were included. For this purpose, various socio-economic indicators were measured that are impacted by CC, including per capita income, mean net farm returns, and poverty rate for current and future production systems. An extensive field survey was conducted for study purposes. The household (HH) data were collected from the farming communities of the study area during the survey. The stratified random sampling technique was applied for sampling purposes, as data were heterogeneous in nature. At least 30 farms were selected from each district, and a total sample of 105 farmers was taken. Current and future time periods for crop simulations were 1980-2010 and 2040-2069, respectively, following the methodology of References [18, 51, 52] . The main staple crop (wheat) was taken to represent major farming activity.
Wheat crop yield simulations (baseline, current, and future) for the integrated economic impact assessment were quantified using five general circulation models (GCMs), i.e., CM2 BNU, CCSM4, CMCC, GFDL, and INMCM4, and these were the components of inter-comparison projects (CMIPs) [51, 52] . In the crop growth model, the productivity created by GCMs was used as input. The decision support system for agrotechnology transfer (DSSAT) v4.6.1 crop growth model was employed for wheat-related simulations [52] . The DevRAP matrix and other data related to modeling were taken from the Agricultural Model Intercomparison and Improvement Project (AgMIP) Pakistan database with their prior permission [18] .
Various techniques are used for climate change assessment such as the global change assessment model, integrated assessment model, and tradeoff analysis model for multidimensional impact assessment model (TOA-MD). The impact of environmental changes can be estimated using the various models. The TOA-MD model is used widely for the estimation and assessment of socio-economic and climatic impacts for crops, livestock, and aquaculture systems [53, 54] . Due to multi-dimensional impact evaluation, this model is used for various estimations rather than just for CC. The adoption and impacts of new technologies can be explained using this model in the agriculture sector [22, 55] . The root-mean-square error (RMSE) and d-index were also calculated. RMSE indicates the size of the error produced by the model, a model performance assessment criterion. The enhanced Willmott concordance index (d) shows the deviation between the observed and simulated values.
This study used the TOA-MD model for analyzing the socio-economic impacts of CC. This model depends on data from different sources, including cross-sectional data of farmers, experimental and biophysical model outputs, and concerned stakeholder opinions. This model has some advantages over other models; for example, it explains all reasons that growers systematically select for adoption or vice versa during technology selection. The adoption of and payments for environmental services were explained as the basis of this model [52] , which can also be used for CC applications.
Production systems (technology) and CC are the two main factors, and it is essential to differentiate them. In CC analysis, a system is basically related to production and its specific technology employed in a given climate time period. This is why net farm returns v t are calculated in a CC study for every time period as follows:
In Equation (1), the probable prices are expected to not fluctuate over a specific time period [51] [52] [53] [54] . Thus, it can be written that, for T time periods, system h provides a discounted net return V as given below.
In Equation (2), δ t is the discount factor. We can distribute time into two periods, developing a separate system for both periods. If some of the HHs are losing their incomes and getting poor over time due to these changes, it means that they are vulnerable to CC in the future. Generally, climate changes could be estimated on the basis of the number of farmers that will face losses in the future [52] [53] [54] [55] . According to the model, HHs make their choices to either continue their current production system or alternatively shift to a new system. This is based on the opportunity cost, written in the form of the equation below.
where v 1 and v 2 are the net returns from the original and alternate systems, respectively. HHs will switch to an alternate system if their opportunity cost is less than 0. On the other hand, they will prefer to continue employing the current technology where ω is positive, as shown in Equation (4).
Another important indicator is the correlation that exists between both systems (Equation (5)).
Model parameters for future production or alternative systems can be calculated using the methodology of Reference [52] . Similar methods were employed by References [55, 56] for analysis.
where Γ = 1, φ 1 = 1, Ψ = 1 for simple CC-IA, p 1 is the illustrative price adjusted to the present time period, and β k is a normalization factor. µ 2j = r j ·µ 1j ,
where µ 1j is the time-averaged (TA) mean of production/acre, µ 2j is the TA mean of production/acre y 2jt for farm j with CC, Y 1k is the mean of observed production/acre y 1jk in the data for base year k, Y 1 is the mean of production/acre, Ψ is the compounded production/acre growth factor (GF), Φh is the compounded price GF amid selected time periods, Ψ is the compounded variable production cost GF, β yk = Y 1 /Y 1k is a normalization factor, s hjt is the simulated wheat production per acre for system h, farm j, in year t (kg/farm), s 1j is the simulated wheat production/acre, s 2j is the TA simulated wheat production/acre with CC, b hjt = s hjt /y hjt is the bias in simulated wheat yield, rj = s 2j /s 1j is the relative yield (kg), a hjt is the total wheat crop area, R hjt is the revenue = p ht ·y hjt ·a hjt (Rs./farm/season), R hj is the TA revenue (PKR/farm/season), C hjt is the production cost (PKR/farm/season), C hj is the TA production cost (PKR/farm), C 1 is the mean of production cost (PKR), β ck = C 1 /C 1k is a normalization factor used to scale production cost, G hjt = C hjt /R hjt is the production cost relative to revenue (PKR), G hj = C hj /R hj is the TA production cost, V hjt = R hjt − C hjt is the wheat net returns for the farm (PKR/season), and V hj is the mean of V hjt over the current or future time (PKR).
Average yield variation in wheat (percent) = (average relative production per acre − 1) × 100.
For the study, regional pathways developed by AgMIP Pakistan [18] were used. Trend factors from "International Model for Policy Analysis of Agricultural Commodities and Trade" (IMPACT) by References [55] [56] [57] were merged with regional Representative Agricultural Pathways (RAPs) for the sake of consistency with universal models, as done by References [18, 55] . In both types of analyses, the poverty line was United States $1.25/person for each day. During RAP analysis, trend factors of yields, prices, and costs were incorporated. These values were in real terms, based on the year 2005 in United States dollars. These were incorporated in order to observe the impact of CC in the future, while considering technological improvements.
Results
In this section, findings of the study are given. For all selected GCMs, outcomes of each selected stratum are discussed first, and then results for the whole farming population area are given. Each table contains two parts; the first part describes the results of climate sensitivity analysis, and the second part depicts the results of the model for the future production system after the inclusion of RAPs.
In Table 1 , quantifications of the model for CC impact assessment are given first. According to the results, it is clear that up to 60.9% of HHs would be vulnerable in the future due to climatic variabilities. The profits and losses (percentage mean net farm return) would be 28.7% and 36.3%, respectively. The observed net returns (NRs) without CC were Rs. 0.14 million/farm and, under a climate change scenario, these would decrease to Rs. 0.12 million (M)/farm. The observed per capita income (PCI) without CC was up to Rs. 8000/person and, for the second case, it was reduced to Rs. 7000. The poverty rate without CC was up to 24%, and, under CC, it elevated to 25.3% for the study area. In the case of a future production system and the current climate scenario, losses were reduced to 46% as compared to the CC impact assessment analysis where these were 60%. The profits and losses (percentage mean net farm return) would be 20.9% and 19.1%, respectively. NRs without and with CC were Rs. 0.302 M/farm and Rs. 0.31 M/farm, respectively. PCI without CC would be Rs. 12,300/person and, in the other case, it would increase to Rs. 12,600/person/season. A negligible decrease in the rate of poverty was also observed in this case. Table 2 depicts the outcomes of the model for CC impact assessment for GCM CCSM4. According to the results, it is clear that up to 65% of HHs would be vulnerable in the future due to climatic variabilities. The profits and losses (percentage mean net farm return) would be 26.9% and 38.6%, respectively. The observed NRs without CC were RS. 0.14 M/farm, and, under CC, these would reduce to RS. 0.12 M/farm. PCI without climate change would be RS. 9500 and, in the case of the second system, PCI would decline to RS. 8000/person/season. The poverty rate with the existing climate would be 20%, and, after CC, this would increase to 22.4%. In the case of a future production system and the current climate scenario, up to a 9% reduction in the losses was observed. Here, 45% of HHs would remain in the current system due to facing losses following these changes. The profits and losses (percentage mean net farm return) would be 18.7% and 21.4%, respectively. Net returns without and with climate change were RS. 0.302 M/farm and RS. 0.29 M/farm, respectively. PCI without CC was approximately RS. 12,300/person and, under CC, the per capita income would decrease to RS. 11,900/person/season. A negligible increase in the rate of poverty was also observed in this case.
In Table 3 , quantifications of the model for CC impact assessment for GCM CMCC are given. It is clear that up to 68% of HHs would be vulnerable in the future due to climatic variabilities. The profits and losses (percentage mean net farm return) would be 25.9% and 40.2%, respectively. The observed net returns without CC were RS. 0.14 M/farm and, under CC, these would reduce to RS. 0.11 M/farm after climatic variabilities. The observed PCI without climate variabilities would be RS. 9000 per person and, after climatic variabilities in the future, PCI would decline to RS. 7000 per person/season. In the case of poverty rate, it would increase from 20% to 23% going from the first to second. In the case of a future production system and the current climate scenario (Table 3) , it is clear that up to 62% of people would face a reduction in their productivities and, ultimately, they would face a reduction in their income. However, these losses were less than the losses of the simple climate change system. The profits and losses (percentage mean net farm return) would be 18.2% and 23.9%, respectively. Net returns without and with climate change were RS 0.302 M/farm and RS. 0.28 M/farm, respectively. PCI without CC was approximately RS. 12,300/person and, under CC, per capita income would increase to RS. 11,400/person/season. A 2% increase in the level of poverty was also observed.
Quantifications of the model for CC impact assessment are given in Table 4 . According to the results, it is clear that up to 67% of HHs would be vulnerable in the future due to climatic variabilities while considering the current production system. The profits and losses (percentage mean net farm return) would be 27% and 39%, respectively. The observed net returns without CC were RS. 0.14 M/farm and, under CC, these would change to RS. 0.11 M/farm in the future. PCI with the current climate was approximately RS. 9500/person. Under CC, PCI would decline to RS. 8000/person/season. The poverty rate with the current and future climate would be 20% and 23%, respectively. In the case of RAP analysis, the story is different from CC impact assessment. Here, although HHs would face elevated poverty levels, they would be significantly better than the first case. Here, 60% of the sampled population would face losses; however, these were 67% in the future. The profits and losses (percentage mean net farm return) would be 17.9% and 22.5%, respectively. Net returns without and with climate change were RS. 0.302 M/farm and RS. 0.28 M/farm, respectively. PCI without CC was approximately RS. 12,300/person and, under CC, per capita income would increase to RS. 11,600/person/season. A negligible increase (1%) in the rate of poverty was also observed in this case.
In Table 5 , quantifications of the model for CC impact assessment are given first. According to the results, it is clear that up to 66% of HHs would be vulnerable in the future due to climatic variabilities. The profits and losses (percentage mean net farm return) would be 27% and 39%, respectively. The observed net returns were RS. 0.14 and RS. 0.12 M/farm for cases without and with CC, respectively. PCI without climate change would be RS. 8000 per person. After CC, this would decrease to RS. 7000. For the current time period, poverty is 20%, and, in the case of climate change, it would increase by 3% compared to the prior case.
In the case of analysis incorporating RAPs and the current climate scenario, non-adopters would represent 55%. The profits and losses (percentage mean net farm return) would be 19% and 21%, respectively. Net returns without and with climate change were RS. 0.302 M/farm and RS. 0.29 M/farm, respectively. PCI without CC was approximately RS. 12,300/person and, under CC, it could decrease to RS. 12,000/person/season. A negligible increase in the rate of poverty was also observed in this case. Mean net farm returns (percentage) are given for current and future agricultural production systems in the Figure 1 . 
Discuss and Conclusion
Climate variabilities significantly impact marginal farmers. These changes increase their poverty levels overtime. RMSE values of wheat yield varied from 261 to 305 kg/ha, and the value of the dindex ranged between 0.91 and 0.94 for all five selected GCMs. Results of the study showed that, for the case of climate change impacts, a minimum of 60% of farms would face a reduction in output. These reductions in farming output would ultimately negatively impact the livelihood indicators of farmers. Resultantly observed net returns and per capital income would decrease and poverty would increase. In this scenario, net farming returns with the existing climate would be PKR 0.14 M for each farm. The findings depict that, for the perturbed climate case, estimated farm outcomes could decrease to PKR 0.12 M for farmers. With respect to the increase in poverty, one-fifth of farmers are currently on or below the line of poverty; however, due to the adverse impacts of climate variations, poverty would increase with about one-fourth of the household vulnerable to these variations. If these changes continue, farming will become less profitable as poverty situations worsen. Similar quantifications were observed by References [58, 59] for Pakistan, and analogous poverty rates (in the form of percentages) were quantified by Reference [60] in the study of the IGB region of India.
Findings for the future production system revealed that the number of vulnerable household/farms would be between 46% and 62% due to climate change. This means that up to twothirds of the population would be under the threat of these variations in the future despite considering future technological improvements. Estimated farm revenues with the present climate were PKR 0.3 M/farm and, in the case of climate change, these values varied from PKR 0.28 to 0.31 M for each farming household. Due to variations in climate, 15% of the total selected farmers would be on or below the line of poverty, and, in the case of CC, poverty percentage would vary from 14% to 16% for all five selected GCMs. These findings were consistent with the study of Reference [61] . It is anticipated that a similar variation of these variables will be witnessed in the other farming systems of Pakistan. Poverty ranges were consistent with the finding of Reference [7] .
Climate variabilities are worsening the poverty levels of poor communities in the agriculture sector. There is a need to adapt to these changes, and the government should take some urgent steps to tackle this danger. To minimize the negative responses of current and future climatic changes with 
Discuss and Conclusions
Climate variabilities significantly impact marginal farmers. These changes increase their poverty levels overtime. RMSE values of wheat yield varied from 261 to 305 kg/ha, and the value of the d-index ranged between 0.91 and 0.94 for all five selected GCMs. Results of the study showed that, for the case of climate change impacts, a minimum of 60% of farms would face a reduction in output. These reductions in farming output would ultimately negatively impact the livelihood indicators of farmers. Resultantly observed net returns and per capital income would decrease and poverty would increase. In this scenario, net farming returns with the existing climate would be PKR 0.14 M for each farm. The findings depict that, for the perturbed climate case, estimated farm outcomes could decrease to PKR 0.12 M for farmers. With respect to the increase in poverty, one-fifth of farmers are currently on or below the line of poverty; however, due to the adverse impacts of climate variations, poverty would increase with about one-fourth of the household vulnerable to these variations. If these changes continue, farming will become less profitable as poverty situations worsen. Similar quantifications were observed by References [58, 59] for Pakistan, and analogous poverty rates (in the form of percentages) were quantified by Reference [60] in the study of the IGB region of India.
Findings for the future production system revealed that the number of vulnerable household/farms would be between 46% and 62% due to climate change. This means that up to two-thirds of the population would be under the threat of these variations in the future despite considering future technological improvements. Estimated farm revenues with the present climate were PKR 0.3 M/farm and, in the case of climate change, these values varied from PKR 0.28 to 0.31 M for each farming household. Due to variations in climate, 15% of the total selected farmers would be on or below the line of poverty, and, in the case of CC, poverty percentage would vary from 14% to 16% for all five selected GCMs. These findings were consistent with the study of Reference [61] . It is anticipated that a similar variation of these variables will be witnessed in the other farming systems of Pakistan. Poverty ranges were consistent with the finding of Reference [7] .
Climate variabilities are worsening the poverty levels of poor communities in the agriculture sector. There is a need to adapt to these changes, and the government should take some urgent steps to tackle this danger. To minimize the negative responses of current and future climatic changes with regard to the farming sector, it is necessary to work on, develop, and endorse climate-resilient farming practices and inputs. RAP analysis suggests the need for policies to safeguard defensive investments for farmers in the study area, because this is the only way through which farming communities can be protected from these threats. Most importantly, the government should intervene in building the adaptive capacity of farmers by providing information on adaptation techniques through easily available means. Information on adaptation should be spread by the government using human resources, information technology, and infrastructure. This research can be propagated along different regional level pathways, and their effects can also be quantified. For improving the analysis outcomes, the same research can be conducted using alternative RAPs that were not taken into consideration here for mixed and cotton-wheat zones. Funding: This study was not supported by any funding agency.
